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APPARATUS FOR SWITCHING
COMMUNICATION METHOD BASED ON
DETECTED COMMUNICATION DISTANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication appa-
ratus having spatial communication means and, more
particularly, to a communication apparatus suitable for wire-
less signal transmission using light such as infrared rays.

2. Description of the Related Art

Conventionally, personal information processing appara-
tuses (e.g.. handy personal computers) have been often used
in a stand-alone mode. In recent years., however, such
apparatuses have been more often used in a mode in which
information is transferred between system apparatuses such
as a printer and a host computer.

Incidentally, in the case of transferring information
between apparatuses, the information processing appara-
tuses need to be connected with other system apparatuses.
Especially in information processing apparatuses connected
to other apparatuses, there exists a problem that when such
apparatuses are connected to one another with connector
cables, it is troublesome to change the connection of the
connector cables if the system is re-arranged. impairing the
operability and convenience of the apparatuses.

Moreover, the number of insertions and removals of the
cables is limited, and contact failure is caused if the con-
nectors are inserted and removed {00 many times. As a

result, if signals are transmitted through connector cables,
the reliability of information may be dropped, resulting in
failure or missing of data. In order to solve these problems,
therefore. there has been proposed an apparatus for wireless
signal transmission using light such as infrared ray.

FIGS. 1 and 2 are block diagrams showing two examples
of construction of conventional information processing
apparatuses for wireless signal transmission.

In FIGS. 1 and 2, an apparatus 100 and the other apparatus
200 are assumed to have identical functions, only for sim-
plicity of description. Here will be described the operations
of these apparatuses 100 and 200.

The apparatus 100 shown in FIG. 1 (or the apparatus 200
shown in FIG. 2) has its external memory 101 (201) com-
prising a recording medium such as an IC memory card, a
hard disk or a magneto-optic disk, and is removably loaded
into the apparatus 100 (or the apparatus 200). A data input
part 102 (202) includes a mouse or a keyboard.

Either text data stored in advance in the aforementioned
external memory 101 (201) or text data inputted from the
aforementioned data input part 102 (202) is encoded by a
memory interface (memory I/F) 103 (203), and then written
in a predetermined storage area of an internal memory 103
(205) by the control of a memory controller 104 (204).

Moreover, the data thus encoded by the aforementioned
memory I/F 103 (203) is converted into a drive waveform
suited for display by a display IC 106 (or 206) and a display
driving circuit 107 (207), and displayed on a display part
108 (208).

Incidentally, a series of sequence controls described
above are execuied by a system controlling CPU 115 (215)
in accordance with the program stored in advance in a ROM
116 (216) by using a RAM 117 (217) as a work memory.

Next, here will be described the operation in the case in
which text data stored in the internal memory 105 of one
apparatus 100 described above is transferred to the other
apparatus 200.
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Specifically, when the apparatus 200 is in its standby
state, that is, can receive data, and when a data transfer mode
is set by the user using an operation part 109 of the apparatus
100 comprising a change-over switch, the text data stored in
the internal memory 103 is read out by the memory con-
troller 104.

The text data thus read out are fed to a data transfer
interface (data transfer I/F) 110. and converted into codes
proper for data transfer. Address control codes and the like
are attached to the coded data. and the resultant data are
transmitted to a parallel/serial conversion circuit 111.

The text data inputted to the parallel/serial conversion
circuit 111 are generally parallel data having an alphabet
code of 1 byte consisting of 8 bits and a kanji character code
of 2 bytes each consisting of 8 bits. The parallel data are
converted into serial data by the parallel/serial conversion
circuit 111.

Next, the serial data thus converted are further converted
by a light emitting/receiving system driving circuit 112 into
an electric current suited for driving a light emitting element
113’ such as an infrared light emitting diode. Moreover, the
electric signal of the serial data thus converted is transferred
as an infrared light signal from the light emitting element
113 of one apparatus 100 to the other apparatus 200.

On the side of the apparatus 200, the light signal thus
transmitted from the apparatus 100 is received by a light
receiving element 214' such as a photodiode, and photoelec-
trically converted. The clectric signal thus obtained by the
photoelectric conversion is amplified by a light emitting/
receiving system driving circuit 212, and simultaneously the
waveform is shaped by a not-shown shaping circuit. The
waveform-shaped signal is then converted into parallel data
by a parallel/serial conversion circuit 211.

The parallel data thus obtained are subjected by a data
transfer I/F 210 to the reverse processing to that of the data
transfer I/F 110 of the aforementioned apparatus 100, and
converted to codes suited for the internal processings of the
other apparatus 200.

Moreover, the code-converted parallel data are stored in a
predetermined storage area of the internal memory 203 by
the control of the memory controller 204, then converted to
a signal having a drive waveform suited for the display by
the display IC 206 and the display driving circuit 207, and
displayed on the display part 208.

When the parallel data thus transferred need to be
recorded as a file, they are stored in the external memory 201
through the memory I/F 203 in accordance with the opera-
tion of an operation part 209 by the user.

In the prior art, the data transferred between the apparatus,
as described above, are generally text data, so that data of a
piece of manuscript paper (20x20 Japanese characters) can
be transferred for one second or less at a transfer rate of
about 1,200 to 9,600 bps of the RS-232C standard. As a
result, the transfer rate is sufficient in view of the conve-
nience of the user even if the data are transferred by serial
communication.

When the data transfer rate is about 9,600 bps. it is
possible to construct an apparatus by using very inexpensive
clements in view of the driving frequency of the light
emitting element 113’ and a light emitting element 213 and
the response speed of light receiving elements 114" and 214..
Moreover, there exists no problem that the power consump-
tion and the heat generation are so high that the load on the
elements is too heavy.

In recent years, however, with the spread of multimedia
information processing apparatuses. there arises a need of
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transferring not only text data but also information such as
sound data or image data between apparatuses.

Assume that a video signal obtained from an image
pickup element having about four hundred thousand pixels
be digitally transferred at a rate of 30 frames/sec. as color
image data of 10 bits in the modes of three signals, a
luminance signal Y and color-difference signals R-Y and
B-Y at a ratio of these signals of 4:2:2. In this case, the data
transfer rate is given by:

(10 bits)x(4:2:2)%x(14.3 Mpixels/sec.}=286 Mbps.

When in order to reduce the amount of data transferred,
the compression ratio is so set to a certain level, say, 1/3 as
to allow reversible compression/expansion and compression
encoding such as DPCM (Differential Pulse Code
Modulation) is effected. the transfer rate is reduced to 100
Mbps in terms of serial data.

Incidentally, a still image is required to have a higher
quality than that of at least a moving image, from the
standpoint of ease of watching. Here. the amount of data of
a digital still image of one picture the Hi-Vision picked up
by an RGB three-CCD camera of an image pickup element
having, e.g.. about two million pixels is calculated as
follows:

(10 bits)x(2,000,0003=60 Mbis.

If. moreover, this data is compression-encoded at a com-
pression ratio of 1/3 . the amount is reduced to about 20
Mbits. Incidentally, this amount of data of the still image is
considered to increase with the future needs of higher image
quality.

On the other hand, less expensive light emitting elements
such as light emitting diodes and less expensive light
receiving elements such as photodiodes can be used when
the driving frequency is lower, the response speed is lower
and the shorter communication distance between them is
shorter. As is well known in the art, moreover, little con-
sideration is required for the power consumption and the
heat generation, and the construction of the electric circuit
and the mounting structure are simple.

Of course, the optical communication semiconductor
laser using optical fibers and the pin-photodiodes can be
driven with a frequency of 100 MHz or higher. In the optical
communication method for transferring wirelessly
information, however, it is not proper to drive the elements
with high frequencies if the influences of the semiconductor
laser upon the human eyes or the narrowed angle of direc-
tivity are considered.

As aresult, infrared light emitting diodes and photodiodes
are generally used for wireless optical communications. The
driving frequency of the light emitting elements of this case
are varied with the communication distance or the distur-
bances of external light. Even if the emission ion intensity
is increased by using a plurality of light emitting elements so
as to increase the reach of the light, the practical limit is
usually about 1 to 10 MHz.

With such driving frequencies, however, it is very difficult
to satisfy the transfer rate of about 100 Mbps of the
aforementioned moving image data. In order to ensure the
aforementioned transfer rate of about 100n Mbps, therefore,
it is necessary either to increase the compression ratio 1o
more than thereby to decrease the amount of data or to
decrease the number of frames to be processed for every
second. This raises another problem that the image quality 1s
degraded and therefore the image is undesirable as a moving
image.
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Even in cases where a still image having the aforemen-
tioned data amount of about 20 Mbits is transferred, it takes
about 2 to 30 seconds to transfer the data, causing a problem
of deteriorating the convenience and operability of the
apparatus.

This problem rises not only in light signal transmitting
means but also in spatial transmission means using electro-
magnetic waves or sound waves such as ultrasonic waves
which have a directivity of a certain degree.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a high-
performance electronic apparatus.

Another object of the present invention is to provide a
communication apparatus enabling reliable communication.

Still another object of the present invention is to provide
a transmitting apparatus capable of performing excellent
signal transmission.

A further object of the present invention is to provide a
receiving apparatus capable of performing excellent signal
reception.

A further object of the present invention is to provide a
transmitting and receiving apparatus capable of performing
excellent signal transmissions and reception.

In order to achieve the above-specified objects, one
embodiment of a communication apparatus of the present
invention is provided with a communication means having
a transmission part. and/or a reception part, detection means
for detecting the propriety of the state of communication
with the apparatus of a partner, and switch means for
switching the communication method of the communication
means in accordance with the detection result of the detec-
tion means.

Another embodiment of an clectronic apparatus of the
present invention is provided with communication means for
communicating with another apparatus, detection means for
detecting the communication distance to the apparatus with
which the communication means communicates, and switch
means for switching the communication method by the
commuhnication means in accordance with the detection
output of the detection means.

Still apnother embodiment of a transmitting apparatus of
the present invention is provided with transmission means
for transmitting a signal to another apparatus, detection
means for detecting the transmission distance to the appa-
ratus to which a signal is transmitted by the transmission
means, and switch means for switching the communication
method by the transmission means in accordance with the
detection output of said detection means.

A further embodiment of a receiving apparatus of the
present invention is provided with reception means for
receiving a signal from another apparatus, detection means
for detecting the transmission distance to the apparatus
which transmits the signal received by the reception means,
and switch means for switching the communication method
by the reception means in accordance with the detection

output of the detection means.

A further embodiment of a transmitting/receiving appa-
ratus of the present invention is provided With transmission
means for transmifting a signal to another apparatus. recep-
tion means for receiving a signal from said apparatus,
detection means for detecting the communication distance to
the apparatus to which or from which a signal is transmitted
or received by the transmission means or by the reception
means., and switch means for switching the communication
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method by the transmission means or the reception means in
accordance with the detection output of the detection means.

Because of the above-specified construction, there can be
produced an effect that the signal transfer time can be
drastically shortened to transfer massive information
quickly and reliably. Another effect is that the apparatus has
a reduced size and is manufactured at low cost. A further
effect is that the apparatus can be very easily operated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit block diagram of a conventional
information processing apparatus;

FIG. 2 is a circuit block diagram of the conventional
information processing apparatus;

FIG. 3 is a circuit block diagram of an information

processing apparatus (first apparatus) according to a first
embodiment of the present invention;

FIG. 4 1s a circuit block diagram of an information
processing apparatus (second apparatus) according to the
first embodiment of the present invention;

FIG. 5 is an appearance perspective view showing one
example of the information processing apparatus (i.c.. the
first apparatus and the second apparatus) according to the
first embodiment;

FIG. 6 is a section of light signal transmission means and
shows the positional reclations of light receiving elements to
the emitted light beams of light emitting elements in accor-
dance with the distance between the first apparatus and the
second apparatus shown in FIG. §;

FIG. 7 is a section of light signal transmission means and
shows the positional relations of the light receiving elements
to the emitted light beams of the light emitting elements in
accordance with the distance between the first apparatus and
the second apparatus shown in FIG. §;

FIG. 8 is a perspective view of the light signal transmis-
sion means according to the first embodiment;

FIG. 9 is a characteristic diagram showing the result of the

photo-electric conversion by the light receiving elements in
the state shown in FIG. 7;

FIG. 10 is a timing chart iHustrating the protocol of the
light signal transmission means according to the first

embodiment;

FIG. 11 is a circuit block diagram of a camera head (third
apparatus) according to a second embodiment of the present
invention;

FI1G. 12 is a circuit block diagram of an information
processing apparatus (the second apparatus) according to the
second embodiment of the present invention;

FIG. 13 is an appearance perspective view showing the
third apparatus and the second apparatus shown in FIGS. 11
and 12 respectively, before they are assembled;

FIG. 14 is an appearance perspective view showing the
third apparatus and the second apparatus shown in FIGS. 11
and 12 respectively, after they are assembled;

FIG. 15 is a section of light signal transmission means and
shows the positional relations and position detecting means
of the light receiving elements to the emitted light beams of
light emitting elements in accordance with the distance
between the third apparatus and the second apparatus shown
in F1G. 13;

FIG. 16 is a section of light signal transmission means and
shows the positional relations and position detecting means
of the light receiving elements to the emitted light beams of
light emitting elements in accordance with the distance
between the third apparatus and the second apparatus shown
in FIG. 14;
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FIG. 17 is a perspective view of the light signal trans-
mission means according to the second embodiment;

FIG. 18 is a block diagram showing a circuit part of the

position detecting means according to the second embodi-
ment;

FIG. 19 is a section showing another example of the

construction of the position detecting means according to a
third embodiment; and

FIG., 20 is a section showing another example of the

construction of the position detecting means according to the
third embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One embodiment of the present invention will be
described with reference to the accompanying drawings.

FIGS. 3 to 10 are diagrams showing a first embodiment of
an apparatus having light signal transmission means of the
present invention. Of these, FIGS. 3 and 4 are circuit block
diagrams of an information processing apparatus according
to the present iInvention. and FIG. 5 1s an appearance
perspective view showing one example of the information
processing apparatus.

Moreover, FIGS. 6 and 7 are sections of the light signal
transmission means and show the positional relations of
light receiving elements to the emitted light beams of light
emitting elements in accordance with the distance between
the first apparatus and the second apparatus shown in FI1G.
5; FIG. 8 is a perspective view of the light signal transmis-
sion means of the present embodiment; FIG. 9 is a charac-
teristic diagram showing the result of the photo-electric
conversion by the light receiving elements in the state shown
in FIG. 7, and FIG. 10 is a timing chart illustrating the
protocol of the light signal transmission means of the present
embodiment,

In FIGS. 3 and 4. for simplicity of description, the first
apparatus 1 and the second apparatus 2 are assumed to have
identical functions, but they may have different functions.
Here will be described the operations of the first apparatus
1 and the second apparatus 2.

An external memory 101 (201) of the first apparatus 1
shown in FIG. 3 (or the second apparatus 2 shown in FIG.
4) is arecording medium, such as an IC memory card, a hard
disk or a magneto-optic disk, which is removably loaded
into the first apparatus 1 (the second apparatus 2).

The 1mage data stored in advance in the aforementioned
external memory 101 (201) is written as a binary digital
signal of 8 or 10 bits in a predetermined storage area of an
internal memory 105 (205) by the control of a memory I/F
103 (203) and a memory controlier 104 (204).

A video signal inputted from a video input part 121 (221)
is fed to a signal processing circuit 124 and is subjected to
signal gain adjustment, gamma correction and color sepa-
ration (for generating a Y signal and an R-Y/B-Y signal) so
that it is adjusted to a necessary level and necessary char-
acteristics. Incidentally. the aforementioned video input part
121 (221) is constructed of a connector to be electrically
connected to an external apparatus (not shown) such as a
video camera or a TV set.

The video signal thus processed is converted into a digital
signal of 8 or 10 bits by an A/D converter 122 (222) and is
then writien as a binary digital signal in a predetermined
storage area of the internal memory 105 (205) by the control
of the memory controller 104 (204).

The digital signal written in the aforementioned internal
memory 105 (205) is read out by the memory controller 104
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(204). fed to a D/A converter 123 (223), and converted into
an analog signal. And, this analog signal is converted into an
appropriate RGB signal by a signal processing circuit 124
(224). then converted to a driving waveform suited for the
display by a display IC 106 (206) and a display driving
circuit 107 (207). and displayed on a display part 108 (208).

Incidentally, the series of sequence controls described
above are executed by a system controlling CPU 115 (215)

in accordance with the program stored in advance by a ROM
116 (216). by using a RAM 117 (217) as a work memory.

Next. here will be described the operation when the digital
image signal thus stored in the internal memory 105 of the
first apparatus 1 is transferred to the second apparatus 2.

Specifically, first. when the second apparatus 21is in a
standby state, that is it can receive data, and when the data
transfer mode is set by the user using an operation part 109
of the first apparatus 1 comprising a change-over switch of
the like, the digital image signal stored in the internal
memory 105 is read out from the memory controller 104.

The digital image signal thus read but is fed to a data
transfer I/F 110. converted into codes suitable for data
transfer, given an address control code, and sent to a
parallel/serial conversion circuit 111.

Here. as shown in FIG. 5, it is detected by a detecting
circuit 120 of FIG. 3 whether the first apparatus 1 is in a
position A, i.e., in a state close to or in contact with the
second apparatus 2, or in a position B, i.e.. in a state apart
from the second apparatus 2.

This state, in which the first apparatus 1 and the second
apparatus 2 are spaced from each other, is detected by doing
simulated communication before actually transferring the
digital image signal from the first apparatus 1 to the second
apparatus 2. Incidentally, the details of this detecting method
will be described later.

A signal s1 representing the separated state detected by
the detecting circuit 120 is fed to the system controlling CPU
115. By this system controlling CPU 1185, the parallel/serial
conversion circuit 111 is controlled on the basis of the fed
detection signal s1. and the transfer state of the digital image
signal is switched. as follows.

Specifically, when the first apparatus 1 and the second

apparatus 2 are in the close or contact state, the digital image
signal is converted into parallel data. When the first appa-

ratus 1 and the second apparatus 2 are in the separate state,
the digital image signal is converted into serial data.

At this time, by informing the user of the transfer state by
displaying the transfer state which is switched in response to
the aforementioned detection signal s1, and the time period
required to transfer and write data on at least one of the
display parts 108 and 208 of the first and second apparatus
1 and 2. the convenience of operation of the apparatuses can
be improved.

Next, the digital image signal thus converted into paraliel
data or serial data is converted by a light emitting/receiving
system driving circuit 112 into an electric current suited for
driving an array 113 of light emitting elements Such as of
infrared light emitting diodes. And, the electric signal thus
converted is transferred as a signal of light such as an
infrared ray from the light emitting element array 113 of the
first apparatus 1 to the second apparatus 2.

On the side of the second apparatus 2, the light signal thus
sent from the first apparatus 1 is received by an array 214 of

light receiving elements such as photodiodes, and photo-
electrically converted. The electric signal thus obtained by
the photoelectric conversion is amplified by a light emitting/
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receiving system driving circuit 212 and its waveform
shaped by the not-shown shaping circuit.

Moreover, the parallel/serial conversion circuit 211 is
controlled by the system controlling CPU 215 to effect the
following data conversion on the basis of a signal s2
representing the separated position state detected by a
detecting circuit 220 as by the aforementioned detecting
circuit 120.

In short. when it is detected that the first apparatus 1 is in
a position apart from the second apparatus 2, the digital
image signal transferred from the first apparatus 1 is con-
verted from serial data into parallel data. On the other hand.,
when it is detected that the first apparatus 1 is close to or in
contact with the second apparatus 2, the digital image signal
transferred from the first apparatus 1 is not converted but is
left as the parallel data.

The digital image signal of 8 or 10 bits thus converted by
the parallel/serial conversion circuit 211 is subjected by a
data transfer I/F 2190 to a reverse processing to the process-
ing of the data transfer I'F 110 of the first apparatus 1 so that

it is converted into codes suited for the internal processing
of the second apparatus 2.

The digital image signal thus code-converted is stored in
a predetermined storage area of the internal memory 205 by
the control of the memory controller 204, and simulta-
neously the waveform is shaped into drive waveform suited
for the display by the display IC 206 and the display driving
circuit 207, and displayed on the display part 208.

When it is necessary to record the digital image signal
thus transferred as a file, the digital image signal is stored in
the external memory 201 through the memory I/F 203 in
accordance with the operation of an operation part 209 by
the user,

With reference to FIGS. 6 to 9. here will be described the
operation principle of the aforementioned detecting circuits
120 and 220.

Here. FIG. 6 is a section of the light signal transmission
means and shows the positional relations of the light receiv-
ing element array 214 to the emitted light beams of the light
emitting element array 113 when the first apparatus 1 is in

the position B where it is apart form the second apparatus 2,
as shown in FIG. 5.

Moreover. FIG. 7 is a section of the light signal trans-
mission means and shows the positional relations of the light
receiving element array 214 to the emitted light beams of the
light emitting element array 113 when the first apparatus 1
is in the position A where it is close to or in contact with the
second apparatus 2, as shown in FIG. 5. FIG. 8 15 a

perspective view of the light signal transmission means
shown in FIGS. 6 and 7.

In FIGS. 6 to 8, reference symbols D10 to D13 designate
the light emitting elements such as the infrared light emitting
diodes constituting the light emitting element array 113 of
the first apparatus 1 and reference S20 to S23 designate the
light receiving elements such as the photodiodes constituting
the light receiving element array 214 of the second apparatus
2 and paired with the light emitting elements D10 to D13,
respectively.

Reference numerals 11 and 21 designate boards on which
the light emitting elements D1¢ to D13 and the Lght
receiving elements S20 to S23 are mounted, respectively.
numerals 12 and 22 holder cases, numerals 13 and 23 visible
light cutting filters, numerals 14 and 24 the exterior parts of

the apparatus. numerals 15 and 2§ the chassis of the appa-
ratus bodies and numerals 16 and 26 fixtures for fixing the

holder cases 12, 22 to the chassis 15 and 25, respectively.
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The board 11 and the visible light cutting filter 13 of the
first apparatus 1 are fixed by the holder case 12, which in
turn is fixed to the chassis 15 of the apparatus body by the
fixture 16. The holder case 12 is provided with light shield-
ing parts 12a between the respective light emitting elements

D10 to D13 and 22a between the respective light receiving
elements S10 to S13 so as to prevent optical interference

between those adjacent elements. The second apparatus 2 is
similarly structured.

Incidentally, the present embodiment has the element
arrays cornposed of four pairs of light emitting elements and
four pairs of light receiving elements, as shown in FIGS. 6
to 8. The number of element arrays can be set according to
the bit construction and the transfer rate of the digital signal.

When the data communication is wirelessly effected by
using light signals, the angle of directivity of the emitted
light beams of the light emitting e¢lements is set large so that
the communication can be accomplished over a considerably
wide area.

Therefore, when the first apparatus 1 and the second
apparatus 2 are apart from each other, as shown in FIG. 6,
the light beams from adjoining light emitting elements D10
to D13 overlap as shown by hatched parts in FIG. 6.
However, as the distance between the first apparatus 1 and
the second apparatus 2 is made shorter, overlap of the light
beams of the adjoining light emitting elements D10 to D13
disappears. as shown in FIG. 7. Thus, if the overlap of the
emitted light beams of the individual light emitting elements
D10 to D13 is detected. the distance between the first
apparatus 1 and the second apparatus 2 can be detected.

With reference to FIG. 9, here will be described in detail
the principle of detecting the spaced positional state of the
apparatuses in accordance with the presence or absence of
the overlap of the light beams of the individual light emitting
elements D10 to D13.

Incidentally. FIG. 9 is a diagram illustrating the waveform
of a signal which is obtained by photoelectrical conversion
of the light receiving element when a rectangular wave
signal is fed to only the light emitting element D10 while the
first apparatus 1 and the second apparatus 2 shown in FIG.
6 or 7 are in separate state.

As 1s apparent from FIG. 9, considerably large amounts of
emitted light beams coming from the light emitting element
D10 reaches not only the light receiving element S20 but
also the light receiving element S21 in the separate posi-
tional state shown in FIG. 6, a photocurrent Ip obtained by
the photoelectric conversion of the light receiving element
$21 takes a considerably large value. As a result, the
difference (the hatched part in FIG. 9) in the photocurrents
Ip obtained by the light emitting elements S20 and S21 is a
small value.

In the close positional state shown in FIG. 7. on the
confrary, little amount of light from the light emitting
element D10 reaches the light receiving element $S21. so that
the photocurrent Ip obtained by the photoelectric conversion
of the light receiving element S21 takes a small value. As a
result, the difference in the photocurrents Ip obtained by the
light receiving elements $20 and S21 is a considerably large
value.

If, therefore, the aforementioned difference in the photo-
currents Ip is larger than a predetermined threshold value, it
can be said that no interference with the emitted light beams
from the adjacent light emitting elements takes place. If, on
the contrary, the difference in the photocurrents Ip is smaller
than the predetermined threshold value, it can be said that
interference with the emitted light beams from the adjacent
light emitting clements takes place.

In short, the positional state of the distance between the
first apparatus 1 and the second apparatus 2 can be detected
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by detecting whether or not the aforementioned difference in
the photocurrents Ip exceeds the predetermined threshold

value. The detecting circuits 120 and 220 of this embodi-
ment are capable of detecting the positional state of the

distance between the apparatuses by making use of this
principle.

Incidentally, in cases where the emitted light beams of the
light emitting elements D10 to D13 are overlapped. as
shown in FIG. 6, the reliability of information transmission
is much degraded. In this case, therefore, it is not desirable
to effect parallel communication by using the plurality of
light emitting elements D10 to D13.

However, if there is no overlap of the emitted light beams
of the light emitting elements D10 to D13, as shown in FIG.
7. parallel communication can be effected because the
reliability of the information transmission i1s not degraded.
In the case of FIG. 7. therefore, the transfer rate can be
increased by parallel communication. In the embodiment,
therefore, either serial communication or parallel commus-
nication is selected to transfer a digital image signal in
accordance with the result of detection of the detecting
circuits 120, 220.

With reference to FIGS. 3. 4 and 10, here will be
described one embodiment of the protocol of optical com-
munication when digital image signals are transferred from
the first apparatus 1 to the second apparatus 2.

First of all, a start signal for reporting the start of optical
communication is transmitted from the light emitting ele-
ment array 113 of the first apparatus 1 to the light receiving
element array 214 of the second apparatus 2.
Simultaneously, the Gain is adjusted to produce an appro-
priate output in the light emitting/receiving system driving
circuit 212.

Next, the second apparatus 2 having received the start
signal transmits a communication-ready flag to the light
receiving element array 114 of the first apparatus 1 from the
light emitting element array 213 of the second apparatus 2.
Receiving this communication-ready flag, the light receiving
element airay 114 of the first apparatus 1 starts the following
communication.

Specifically, the first apparatus 1 having received the
communication-ready flag transmits a serial-parallel (5-P)
detection signal to the light receiving element array 214 of
the second apparatus 2 from the light emitting element array
113 of the first apparatus 1 in accordance with a predeter-
mined rule so as to determine whether the digital image
signal is to be transmitted as serial data or parallel data. In
the embodiment, as shown in FIG. 10, the light emitting
elements D10 to D13 of the light emitting element array 113
are sequentially caused to emit light to transmit the afore-
mentioned S-P detection signal to the light receiving element
array 214 of the second apparatus 2.

Upon receiving the S-P detection signal, the second
apparatus 2 determines the data transfer method with its
detecting circuit 220 by using the aforementioned S-P detec-
tion signal on the basis of the aforementioned principle.
Then, an S-P confirmation flag conforming to the deter-
mined data transfer method is transmitted from the light
emiftting element array 213 of the second apparatus 2 to the
light receiving element array 114 of the first apparatus 1.

At this time, the S-P confirmation flag is not transmitted
when the digital image signal is transmitted as the parallel
data, but the pulsating S-P confirmation flag is transmitted to
the first apparatus 1 from the second apparatus 2 when the
digital image signal is transmitted as the serial data.

Incidentally, the aforementioned S-P confirmation flag may
be of any format as long as whether the digital image signal

is transmiftted as parallel data or serial data can be judged.

Next, the detection signal s1 on the basis of the S-P
confirmation flag received by the light receiving element
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array 114 is fed through the detecting circuit 120 to the
system controlling CPU 115. On the basis of the detection
signal s1, the system controlling CPU 115 controls the
parallel/serial conversion circuit 111 to convert the digital
image signal into the form of parallel data or serial data.
Then. the digital image signal thus converted is transferred
from the light emitting element array 113 of the first appa-
ratus 1 to the light receiving element array 214 of the second
apparatus 2.

As has been described hereinbefore, in the first
embodiment, the digital image signal is transferred as the
parallel data through the four pairs of light emitting elements
D10 to D13 and light receiving elements S20 to S23 when
the first apparatus 1 and the second apparatus 2 are close to
or in contact with each other. As a result, the time period t
required to transfer the data through serial communication
can be reduced to t/4 at the longest when transferring the

data through parallel communication, so that the data irans-
fer rate can be increased.

Thus, in the state in which the first apparatus 1 and the
second apparatus 2 are close to or in contact with each other,
no crosstalk occurs in the emitted light beams coming from
the adjacent light emitting elements. so that the reliability of
the information transmission can be prevented from drop-
ping. Neither the data compression ratio need to be increased
more than necessary nor need the amount of information
processed per unit time be decreased. As aresult, images can
be transferred not only at a high rate but also reliably with
a high quality.

Since. moreover, the transfer state of serial communica-
tion or parallel communication can be selected on the basis
of the detection outputs s1 and s2 of the detecting circuits
120 and 220, the operability of the apparatus can be remark-
ably excellent.

Referring to FIGS. 11 to 18, here will be described a
second embodiment of the apparatus having the light signal
transmission means according to the present invention.

FIG. 11 is a circuit block diagram of a camera head (third
apparatus 3) according to the present invention, FIG. 12 is
a circuit block diagram of an information processing appa-
ratus (second apparatus 2) according to the present
invention, and FIGS. 13 and 14 are appearance perspective
views showing the aforementioned third apparatus 3 and
second apparatus 2 before and after they are assembled.

FIGS. 15 and 16 are sections of the light signal transmis-
sion means and the position detecting means and show the
positional relations of the light receiving elements to the
emitted light beams of light emitting elements in accordance
with the distance between the third apparatus 3 and the
second apparatus 2 shown in FIGS. 13 and 14, FIG. 17 is a
perspective view of the light signal transmission means and
the position detecting means of the present embodiment, and
FIG. 18 is a circuit block diagram of the position detecting
means.

The second embodiment described in the following is
such that a personal information processing apparatus (e.g..
a handy personal computer) is used in the mode in which

information is inputted/outputted from/to a plurality of
apparatus, and these apparatus are coupled to each other.

In the following second embodiment, means for transmit-
ting signals, with the apparatuses coupled to each other 1s so
constructed as to serve also as a light transmission interface
part. The size and manufacturing cost of the apparatus can
be consequently reduced. and the signal can be transmitted
while the apparatuses are out of contact with one another, to
improve the reliability of the signal transmission.

In addition, even if the camera head (the third apparatus
3) and the information processing apparatus (the second
apparatus 2) are placed apart from each other, as shown in
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FIG. 13, the image signal can be wirelessly transmitted from
the camera head to the information processing apparatus.
Such apparatus can be used in various applications, as a

monitor camera, a TV telephone camera, or the like

In FIG. 12, the structure and operation of the information
processing apparatus, the second apparatus 2 are identical
with those of the information processing apparatus or the
second apparatus 2 of the first embodiment except the
detection means 230. The construction and operation of this
detection means 230 will be described later. In FIG. 11,
moreover, the camera head or the third apparatus 3 has the
following operation.

Specifically, after the (not-shown) image-pickup start
trigger switch in an operation part 309 is turned on at first by
the user, the exposure is adequately adjusted by an iris
shutter 351 driven by a mechanism system drive circuit 356,
and an object image having passed through an imaging lens
350 is projected onto an image pickup element 3352.

Then, the object image is photoelectrically converted by
the image pickup element 352, and the resultant signal is fed
as an image signal to an image pickup processing circuit
353. Incidentally, the image pickup element 352 is driven
and controlled by an image pickup driving circuit 355 on the
basis of a drive pulse generated by a timing signal generating
circuit (TG) 357.

In the image pickup processing circuit 353, the input
image signal is subjected to gain adjustment. gamma coI-
rection and color separation (to generate Y signal and
R-Y/B-Y signal) and the level and characteristics are
adjusted to required ones. The image signal thus processed
is converted by an A/D converter 354 into a digital signal of
8 or 10 bits and is then written in the form of binary digital
signal in a predetermined area of a buffer memory 305 under
the control of a memory controller 304.

When the digital image signal thus written in the buffer
memory 305 is transferred from the third apparatus 3 to the
second apparatus 2, the digital image signal is read out of the
buffer memory 305 by the memory controller 304. The
digital image signal thus read out is converted into appro-
priate codes when the data is transferred by a data transfer
I/F 310, and an address control code and others are attached.
Then the resultant signal is transmitted to a parallel/serial
conversion circuit 311.

This parallel/serial conversion circuit 311 is controlled by
a system controlling CPU 315 on the basis of such a
detection signal s3 representing the separated positional
state of the third apparatus 3 and the second apparatus 2
detected by detection means 330. Moreover, the digital
image signal thus fed to the parallel/serial conversion circuit
311 is converted into either parallel data or serial data.

Next, the digital image signal thus converted into the
parallel data or the serial data is converted by a light
emitting/receiving system driving circuit 312 into a current
suited for driving a light emitting element array 313 com-
prising infrared light emitting diodes. The electric signal
thus converted is transferred as a signal of light such as
infrared light to the second apparatus 2 from the light
emitting element array 313 of the third apparatus 3.

The various processings of the digital image signal sub-

sequently carried out in the second apparatus 2 are similar to
those in the second apparatus 2 of the aforementioned first
embodiment.

Incidentally, the series of the aforementioned sequential
controls are carried out by the system controlling CPU 313
and a signal processing controlling CPU 358 on the side of
the third apparatus 3 and by the system controlling CPU 215

on the side of the second apparatus 2.

In the embodiment, as described above, the detection
means 230 and 330 for detecting the separate positional state
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of the third apparatus 3 and the second apparatus 2 so as to
switch the serial data and the parallel data are different from
the detecting circuits 120 and 220 described in the first
embodiment. The structures of those detection means 230
and 330 are shown in FIGS. 15 to 17.

In the third apparatus 3. as shown in FIGS. 15 to 17,
expandable pin headers 37 and 38 are buried in a holder case
32 forming part of the .light signal transmitting means.
These pin headers 37 and 38 are connected through lead
wires 39 to a (mot-shown) circuit board constituting a
detecting circuit part of a position detecting means.

In the second apparatus 2, on the other hand, there are
buried in the holder case 22 connection terminals 27 and 28
electrically connected to the pin headers 37 and 38 when the
third apparatus 3 and the second apparatus 2 are assembled
into one unit. These connection terminals 27 and 28 are
connected through lead wires 29 to a (not-shown) circuit
board constituting a detecting circuit part of a position
detecting means.

The aforementioned detecting circuit part is constructed,
as shown in FIG. 18. While the third apparatus 3 and the
second apparatus 2 shown in FIGS. 13 and 15 are apart from
each other, as is apparent from FIG. 18. the voltage at the
second apparatus 2 is pulled up to a supply voltage V__., and
the voltage at the second apparatus 2 is pulled down to a
ground voltage GND.

On the side of the third apparatus 3, the supply voltage V.
is compared with a reference voltage V, by a comparator
3300, and a comparison signal s5 obtained as a result of this
comparison is fed to the system controlling CPU 315. On the
side of the second apparatus 2, on the other hand, the ground
voltage GND is compared with the reference voltage V,_.by

a comparator 2305, and a comparison signal s6é obtained as
a result of this comparison is fed to the system controlling

CPU 215.

On the basis of the comparison signals s§ and s6, the
system controlling CPU 315 and 215 detect that the con-
nection terminals 27 and 28 are not electrically connected to
the respective pin headers 37 and 38, namely, that the third
apparatus 3 and the second apparatus 2 are not coupled to
each other. In accordance with this detection result, the
system controlling CPU 318 controls the parallel/serial
conversion circuit 311 to transfer the digital image signal in
the form of serial data from the third apparatus 3 to the
second apparatus 2.

On the other hand, when the third apparatus 3 and the
second apparatus 2 are coupled and connected to each other,
as shown in FIGS. 14 and 16. the connection terminals 27
and 28 are electrically connected to the respective pin
headers 37 and 38. As a result, the voltage applied to one
input terminal of each of the comparators 2305 and 3305
takes such the voltage divided by a pull-down resistor 230a
and a pull-up resistor 330a.

The divided voltage applied to one input terminal of the
comparators 2300 and 3305 is compared with the reference
voltage V,. . applied to the other input terminal, and the
comparison signals s5 and s6 obtained as a result of this
comparison are respectively fed to the system controlling

CPUs 215 and 315.

On the basis of these comparison signals s§ and $6, the
system controlling CPUs 315 and 215 detect that the indi-
vidual connection terminals 27 and 28 are electrically con-
nected to the respective pin headers 37 and 38, namely, that
the third apparatus 3 and the second apparatus 2 are
assembled into one unit. In accordance with this detection
result, the system controlling CPU 3185 controls the parallel/

serial conversion circuit 311 to transfer the digital image
signal in the form of parallel data at a high rate from the third
apparatus 3 to the second apparatus 2.
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The gist of the present invention is not changed in the
least even if the separate positional state of the apparatuses
is detected not by the simulated communication of the first
embodiment but by using a detection means by an electrical
connection method using the connection terminals, as in the
second embodiment.

The separated positional state of the apparatuses may be
detected by using a detection means by a mechanical con-
nection method of switching on/off the push switch disposed
in at least one of the apparatuses according to whether or not
the apparatuses are assembled and connected.

Next. a third example of the structure of the position
detecting means is shown in FIGS. 19 and 20. The parts
appearing in FIGS. 29 and 20 with the same reference
numerals as those of FIGS. 6 and 7 designate the identical
parts. Reference symbol D14 designates a light emitting
element such as an infrared light emitting diode. and refer-
ence symbol S14 designates a light receiving element such
as a photodiode.

These light emitting element D14 and light receiving
element S14 are disposed on the board 11 in the third
apparatus 3 below the light emitting elements D10 to D1J.
These light emitting element D14 and light receiving ele-
ment S14 are located at the position corresponding to the
exterior part 24 of the second apparatus 2.

The light emitting element D14 and the light receiving
element S14 are so provided that optical interference with
the light emitting elements D10 to D13 is prevented by the
light-shielding part 12a. Incidentally, no light shielding
portion 12a is provided between the light emitting element
D14 and the light receiving element S14.

Here will be described a method of detecting the separate

positional state of the apparatuses by the position detecting
means thus constructed.

When the third apparatus 3 and the second apparatus 2 are
separated from each other. as shown in FIG. 19. no object is
present in front of the light emitting element D14 of the third
apparatus 3. so that there is no reflection of light emitted
from the light emitting element D14. As a result, no light is
incident upon the light receiving element S14.

On the other hand, when the third apparatus 3 and the
second apparatus 2 are assembled and connected to each
other, as shown in FIG. 20, the exterior part 24 of the second
apparatus 2 is present just in front of the light emitting
element D14 of the third apparatus 3. As a result, light
emitted from the light emitting element D14 is reflected
from the wall face of the exterior part 24 so that reflected
light Goes into the light receiving element S14 of the third
apparatus 3. As a result, the separated positional state of the
third apparatus 3 and the second apparatus 2 can be detected
by detecting the level of the light signal which is obtained by
the photoelectric conversion of the light receiving element
S14.

Even in the third embodiment, as in the second
embodiment, the size and manufacturing cost of the appa-
ratuses can can be reduced and signals can be transmitted
contactlessly, so that the reliability of the signal transmission
can be improved.

Incidentally, the foregoing embodiments employ the light
emitting elements and the light receiving elements using
light as the spatial communication means of the present
invention, but this spatial communication means should not
be limited thereto but includes all the wireless communica-
tion means using clectromagnetic waves and sound waves.

According to the present invention, as has been described
hereinbefore, a detection means for detecting the separated
positional state of the comimunication apparatus is provided,
so that the communication method of the communication
means may be changed according to the detection result of
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the detection means. As a result, when one communication
apparatus and another communication apparatus are ciose to

each other or in contact with each other and the reliability of
information transmission is not degraded the data can be
transferred by a communication method capable of trans-
ferring the signal at high speed. thereby to shorten the
transfer time. As a result, the data can be transferred at high

speed without increasing the data compression ratio more
than necessary and without reducing the amount of infor-
mation processed per unit time, and massive data such as of
a high quality image can be transferred quickly and reliably.

At this time, since the signal communication method can
be automatically switched according to the detection result
of the detection means, the method need not be manually
switched by the user and the operability of the apparatuses
is drastically improved.

Another feature of the present invention is that since no
large-scale circuit need not be additionally provided as a
detection means, small apparatuses can be manufactured at
very low cost without complicating the electric circuit and
mounting structure.

Still another feature of the present invention is that since
the data communication method is switched from a serial
data communication method to a parallel data communica-
tion method when it is detected that one communication
apparatus and another communication apparatus are close to
each other or in contact with each other, a plurality of data
can be simultaneously transferred merely by devising the
arrangement of the two communication apparatuses and the
transfer time can be accordingly shortened to transfer mas-
sive data quickly and reliably.

What is claimed is:

1. A communication apparatus comprising:

(a) communication means having a transmission part
and/or a reception part;

(b) detection medns for detecting a characteristic of a state
of communication with the apparatus of a partner; and

(c) control means for controlling said communication
means to communicate by a parallel data transfer
method in the state that said detection means detects
that the characteristic of the state of communication is
good and to communicate by a serial data transfer
method in the state that said detection means detects the
characteristic of the state of communication is bad.

2. A communication apparatus according to claim 1.
wherein said detection means detects the characteristic of
said communication state in accordance with a communi-
cation result of said communication means.

3. An clectronic apparatus comprising:

(a) communication means for communication with

another apparatus;

(b) detection means for detecting the communication
distance to said apparatus with which said communi-
cation means communicates; and

(¢) control means for controlling said communication
means to communicate by a parallel data transfer
method in the state that the communication distance is
shorter than a predetermined distance and to commu-
nicate by a serial data transfer method in the state that
the communication distance is longer than the prede-
termined distance.

4. An electronic apparatus according to claim 3, wherein
said detection means detects the communication distance by
performing simulated communication in advance by said
communication means.

5. An electronic apparatus according to claim 3, wherein
said detection means detects the communication distance
through terminals electrically connectable to another appa-
ratus.
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6. An electronic apparatus according to claim 3, wherein
said detection means detects the communication distance
mechanically.

7. An electronic apparatus according to claim 3, wherein
said detection means includes light emitting means for
emitting light, and light receiving means for receiving the
light emitted from said light emitting means.

8. An electronic apparatus according to claim 3, further
comprising:

(d) indicating means for indicating the communication

state of said communication means.

9. An electronic apparatus according to claim 3. wherein
said communication means performs communication
through electromagnetic waves.

10. An electronic apparatus according to claim 9, wherein
said communication means performs communication
through a light.

11. An electronic apparatus according to claim 19,
wherein said detection means detects the communication
distance according to whether or not the interference of
emitted light beams is present.

12. An electronic apparatus according to claim 10,
wherein said communication means comprises a plurality of
light receiving elements, and said detection means detects
the communication distance by measuring the difference
between the photocurrent flowing through the first light
receiving element and the photocurrent flowing through the
second light receiving element.

13. An electronic apparatus according to claim 12,
wherein said control means controls the data transfer method
to the parallel data transfer method when the difference in
the photocurrent measured by said detection means is higher

than a predetermined value. and to the serial data transfer
method when the same is lower than the predetermined

value.
14. A transmitting apparatus comprising:
(a) transmission means for transmitting a signal to another
apparatus;
(b) detection means for detecting the transmission dis-
tance to said apparatus to which said transmission
means transmits a signal; and

(c) control means for controlling said transmission means
to communicate by a parallel data transfer method in
the state that the communication distance is shorter
than a predetermined distance and to communicate by
a serial data transfer method in the state that the
communication distance is longer than the predeter-
mined distance.

15. A transmitting apparatus according to claim 14,
wherein said detection means detects the communication
distance by performing simulated transmission in advance
by said transmission means.

16. A transmitting apparatus according to claim 14,
wherein said detection means detects the communication
distance through terminals electrically connectable to
another apparatus.

17. A transmitting apparatus according to claim 14,
wherein said detection means detects the communication
distance mechanically.

18. A transmitting apparatus according to claim 14,
wherein said detection means includes light emitting means
for emitting light, and light receiving means for receiving
the light emitted from said light emitting means.

19. A transmitting apparatus according to claim 14, fur-
ther comprising:

(d) indicating means for indicating the communication

state of said transmission means.

20. A transmitting apparatus according to claim 14,
wherein said transmission means performs the communica-
tion through electromagnetic waves.
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21. A transmitting apparatus according to claim 20,
wherein said transmission means performs the transmission
with a light.

22. A receiving apparatus comprising:

a) reception means for receiving a signal from another

apparatus;
(b) detection means for detecting the transmission dis-
tance to the other apparatus from which the reception

means receives a signal transmitted by the other appa-
ratus; and

(¢) control means for controlling said reception means to
communicate by a parallel data transfer method in the
state that the communication distance is shorter than a
predetermined distance and to communicate by a serial
data transfer method in the state that the communica-
tion distance is longer than the predetermined distance.

23. A receiving apparatus according to claim 22. wherein
said detection means detects the communication distance
through terminals electrically connectable t¢o another appa-
ratus.

24. A receiving apparatus according to claim 22, wherein
said detection means detects the communication distance
mechanically.

25. A receiving apparatus according to claim 22. wherein
said detection means comprises light emitting means for
emitting light, and light receiving means for receiving the
light emitted from said light emitting means.

26. A receiving apparatus according to claim 22, further
comprising:

(d) indicating means for indicating the transmission state

of said reception means.

27. A receiving apparatus according to claim 22, wherein
said transmission means performs the reception of a signal
through electromagnetic waves.

28. A receiving apparatus according to claim 27, wherein
said transmission means performs the reception of a signal
through a light.

29. A receiving apparatus according to claim 28. wherein
said detection means detects the communication distance
according to whether or not the interference of emitted light
beams 1s present.

30. A receiving apparatus according to claim 28, wherein
said reception means comprises a plurality of light receiving
elements, and said detection means detects the communica-
tion distance by measuring the difference between the pho-
tocurrent flowing through the first light receiving element
and the photocurrent flowing through the second light
receiving clement.

31. Areceiving apparatus according to claim 30, wherein
said control means controls the data transfer method to the
parallel data transfer method when the difference in the
photocurrent measured by said detection means is higher
than a predetermined value, and to the serial data transfer
method when the same is lower than the predetermined
value.

32. A receiving apparatus according to claim 32, wherein
said detection means detects the communication distance by
performing simulated reception in advance by said reception
means.

33. A transmitting and receiving apparatus comprising:

(a) transmission means for transmitting a signal to another
apparatus;
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(b) reception means for receiving a signal from the other
apparatus;
(c) detection means for detecting the communication

distance to said apparatus to and from which said
transmission means transmits and receives a signal; and

(d) control means for controlling said transmission means
for said reception means to communicate by a parallel
data information transfer method in the state that the
communication distance is shorter than a predeter-
mined distance and to communicate by a serial data
transfer method in the state that the communication
distance is longer than a predetermined distance.

34. A transmitting and receiving apparatus according to
claim 33. wherein said detection means detects the commu-
nication distance by performing simulated communication
with said another apparatus in advance by said transmission
means or said reception means.

3S. A transmitting and receiving apparatus according to
claim 33, wherein said detection means detects the commu-
nication distance through terminals electrically connectable

to another apparatus.

36. A transmitting and receiving apparatus according o
claim 33. wherein said detection means detects the commu-
nication distance mechanically.

37. A transmitting and receiving apparatus according to
claim 33, wherein said detection means comprises light
emitting means for emitting light, and light receiving means
for receiving the light emitted from said light emitting
means.

38. A transmitting and receiving apparatus according to
further comprising:

(d) indicating means for indicating the communication
state of said transmission means or said reception
means.

39. A transmitting and receiving apparatus according to
claim 33, wherein said transmission means or said reception
means performs communication through electromagnetic
waves.

40. A transmitting and receiving apparatus according to
claim 39, wherein said transmission means or said reception
means performs communication of a signal through light.

41. A transmitting and receiving apparatus according to
claim 40, wherein said detection means detects the commu-
nication distance according to whether or not interference of
emitted light beams is present.

42. A transmitting and receiving apparatus according to
claim 41. wherein said control means controls the data
transfer method to the parallel data transfer method when the
difference in the photocurrent measured by said detection
means is higher than a predetermined value. and to the serial
data transfer method when the same is lower than the
predetermined value.

43. A transmitting and receiving apparatus according to
claim 40, wherein said reception means comprises a plural-
ity of light receiving clements, and said detection means
detects the communication distance by measuring the dif-
ference between the photocurrent flowing through the first
light receiving element and the photocurrent flowing
through the second light receiving element.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,734,328
DATED - March 31, 1998

INVENTOR(S) : Kenichi Shinbori

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Col. 4, line 61, delete "With" and insert — with —,
Ceol. 7, line 58, delete "Such” and insert — such —.
Col. 10, line 29, delete "' Gain" and insert — gain —.
Col. 11, line 24, delete "to".

Col. 13, line 8, delete "." (first occurrence).

Col. 14, line 47, delete "Goes" and insert — goes —,
Col. 17, line 55, delete 32" and insert —22 -,

Col. 18, line 31, after "to" insert — claim 33 ~-.

Signed and Sealed this
First Day of December, 1998

BRUCE LEHMAN

Artesting Officer Commissioner of Parents and Trademarks
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